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STATEMENTOFPURPOSE
Howthebrainengageslanguageprocessesinthemindisofgreatinterest
tothefieldofsecondlanguageacquisition.Withexposuretohowthebrain
processeslanguages,alearnerisabletofocusmoreattentionontheareas
thataremostusefulforacquisition.Itisalsomeaningfultoknowhowthe
brainworkstostoreandretainlanguage.
Thepurposeofthispaperistoreviewcurrentresearchinlanguageinthe
brainanditsimplicationsforlanguageacquisition.First,currentstudiesand
knowledgeofhowlanguageworksinthemindwillbeaddressed.Next,we
willlookathowlanguageislearnedandwhatoccursinthebrainduringthis
process.Then,therewillbeacomparisonwithwhathappenstothebrains
ofchildrencomparedtothebrainsofadultswholearnsecondlanguages.
Ultimately,theresearchwillshowhowtoapplythisinformationtolanguage
acquisitionforsecondlanguagelearners.Theendgoalistohaveexamined
keycomponentsinthestudyoflanguageinthebrainforabetter
understandingofhowtoapplyittowardslanguageacquisition.
BRAINSTRUCTURE
Thebrainiscomposedofbillionsofneuronsconstantly丘ringand
exchanginginformationamongthemselves.Bothhemisphereshave
specializedfunctions,butthereisagreatamountoffluiditybetweenthetwo
ofthem.Itisbelievedthattherighthemisphereof也ebrainstores
informationregardingimages,symbols,sense,andmetaphors,whiletheleft
hemispheremakessenseofthisinformationandformulatestherig
hemisphere'simagesintowordsforcommunication.Thereforeitisinthe
righthemispherethatformulatesnewideas,totalcontexts,andwherethe
creationofmeaningoccurs.However,itisthelefthemispherethatis
essentialtoencode,understandandcommunicate(Hatcher1983).
LANGUAGEAREASOFTHEBRAIN
Thepensylviancortex,anareaofthebrainoftenreferredtoasthe
epicenteroflanguageactivity,generallylieswithinthelefthemisphereand
isassociatedwithlanguageacquisitionandprocessing(Caplan1987).Itis
importanttoclarifythatlanguagedoesnotalwaysheinthelefthemisphere
atalltimes:Therehavebeenstudies(Catani,2007)ofexceptionalcases
whereitcanbefoundintherighthemispherewithsomepeople.
Withinthispensylvancortex,theBroca'sAreaandWernicke'sAreacan
befound(Mateer,1983).Broca'sAreaisinvolvedwiththeproductionof
languageandismoregrammar-based,whereasWermcke'sAreaisinvolved
withtheroleofaccessingwordsandtunnelingthemtootherareas,andis
morevocabulary-based(Caplan1987).Therehavebeenmanystudiesof
peoplewhohavebeenaffectedbyaphasia(damagetooneoftheseregions).
Theyeitherlosetheirabilitytousegrammarcorrectlyaswellasthemotor
aspectofspeech,asin也ecaseofBrocasAphasia,or也eyareunableto
retrievenouns,asinthecaseofWernickesAphasia.
CURRENTTOOLSFORACQUIRINGBRAINMAPPING
ManycurrentstudiesonthebrainandlanguagearebeingmadewithPETs
(positionemissiontomography)andiMRIs(functionalMagneticResonance
Imaging).MRIsuseacomputeralgorithmtoreconstructimagesofaliving
sectionofthebrain.PETsarewhenavolunteereitherinjectsorinhalesa
mildlyradioactivegasorliquidsimilarindosagetoanX-Ray,andthen
proceedtoplacehisorherheadinsidearingofgamma-raydetectors
Pinker,1994).Thesenewtoolsmapimagesofbloodflowwithinthebrain
duringspecificactivities.Forexample,neurobiologistscanseewhatparts
ofaperson'sbrainareactivewhentheyarereading,writing,speakingand
listening(Kandel&Hawkins,1992).
PIONEERINGBRAINSTUDIES
Inadditiontothesemethods,neurosurgeonswhowereoriginallyfocusing
onfindingthebestwaystoremovebraintissuetocureepilepsyorbrain
tumorsbegantomapoutthebrainina-corticalstimulationmap-(Calvinand
Ojemann,1994),whichultimatelyassistedthestudyoflanguageinthe
brain.Damagingoneoftheselanguageareasinsurgerymeansthepatient
willbecometemporarilyorpermanentlyaphasiac,orunabletorecallwords
orusegrammarcorrectly.Duringtheseoperations,astheneurosurgeonhas
mappedthebrain,theyhavediscoveredeachbrain'smapisdifferent;thereis
nosetmapforallpeople.Theseneurosurgeonsdiscoveredthatifcertain
partsofthebramarestimulated,thesubjectwillbeunabletonamethingsor
beunabletoproducegrammaticallycorrectlysentences.Electrodesonthe
scalprecordelectroencephalograms(EEG's)as也epatienthearsorreads
words.WilderPenfield(1978)wasapioneerinthismethod,andGeorge
Ojemannfolloweduponthesemethodsonconscious,exposedbrains.He
foundthatstimulatingcertainareasofthebraincoulddisruptfunctionslike
repeatingorcompletingasentence,naminganobject,orreadingaword
(CalvinandOjemann,1994).
BILINGUALSPEAKERSANDTHEIRBRAINS
Therehavebeenstudiesonbihnguals,andresearchershaveinvestigated
howmultiplelanguagesarerepresentedinahumanbrain.Inonestudy
(Kim,Relkin,Lee&Hirsch,1997),researchersconductedafunctionalMRI
studyofsixfluentearlybihngualswholearnedthen-L2s(secondlanguage)
asyoungchildrm,andsixfluentlatebihngualswholearnedtheirL2sin
earlyadul血ood.Theresearchersdiscovered血atintheBroca'sArea,
productionwasdrasticallydifferentbetweenthetwogroups.Latebilinguals'
nativeLIgrammarandphonologymotormaps(Broca'sArea)had
developedincloseproximitytoeachother,whereasintheirL2they
developedinaseparatearea,asif血enativelanguageareahadalreadybeen
fullyconnectedandmappedout.Thisisincontrasttoearlybihngualswho
didnotexhibittwodistinctregionsfordifferentlanguages.TheWernicke's
Area,thelocationwherenamesofthingsareretrieved,wassimilarinthe
twogroupsasbothgroupshadsimilarlocationsoftheirLIandL2intheir
phonologymotormap.Theimplicationisthatforsecondlanguagelearners,
thereisaseparatespaceinthebrainforthesecondlanguage-sgrammar,
rulesandstructure.WhenfMRIstudiesweremade,itwasdiscoveredthat
distinctlociofsecondlanguageshealongtheperipheryofBroca'sand
Wermckesregionsinthecaseoflatelearners,butnotinthecaseofearly
learners(Kim,etal,1997).Theresearchersconcludedthatthebramneeds
tomapoutthesenewgrammaticallanguageareasifthebrainslanguage
networkshavealreadybeenmappedoutwithonlyafirstlanguageasa
youngchild.
CHmRENRAISEDINISOLATION,THECPH,andざⅥ≠APTOGENISK
Therehavealsobeencaseswherechildrenhaveneverlearnedafirst
languageduringtheiryouth.Awell-knownexampleisthatof"Genie"who
wasisolatedsincebirthfromanylinguisticinputbecauseofabusiveparents
(Curtiss,1977)andthe''WildBoyofAveyron"(Shattuck,1980)among
o血ers.Nei血erGenie,nor血eWildBoyofAveyron,wasraisedinan
environmentexposedtolanguage.Becauseoftheirsituation,theirbrains
werenotabletomapoutalanguageareainthebrain'snetwork,presumably
duetolackofinput(Lenneberg,1964,1984).Ashumanbeingsmature,they
reacha"criticalperiod"whichstatesthattoacertainage,noinstructionis
neededtolearnalanguage,andthenatacriticalperiod,theacquisitionof
native-likefluencybecomeshighlyunlikelyifnotimpossible.However,m
thecasestudiesofGenie"andtheWildBoyofAveyron-,theirbrainswere
neverabletomapoutthesesynapsesofanativetongue,andthereforethey
wereunabletocommunicateeffectivelythroughouttheirlives.In
adulthood,bothwerecompletelyunabletomasterthingslikeverbtense,
wordorder,prepositions,orpronouns.C nsist ntwiththecritical eri dhypothesis,infantshaveagreat
capacitytoacquireanewlanguage,significantlymoresothanadults.At
birth,therearetrillionsofneurons,buttherearenoconnectionsbetween
thematbirth.However,upuntiltheageofthree,humanbrainsare
constantlyformingneuronconnectionsinaprocesscalledsynoptogenesis
(Kuhl,2002).Thesesynapsescreatethreetimesmoreactivitythanwhatis
activeinthebrainofanadult.Theywillcontinuetocreateconnectionsuntil
thechildreachestheageofpuberty.Atthattime,synapsesbegintoprune
offtheexcessiveconnectionsthatarenotused(Kuhl,2002)."Ifwestop
exercisingourmentalskills,wedonotjustforget血em;血ebrainmapspace
forthoseskillsisturnedovertotheskillswepracticeinstead"(Doidge,
2007:p.59),sotherefore,themoreweusethetargetlanguage,themore
brainspaceisallocatedforit.
Duringthisinfantstage,synapsescreatewhatKuhl(1998)hascalledthe
'nativelanguagemagnet'theory.Thisiswhatoccursbetweenuniversal
perception(whenanewbornisopentoanyandalllanguages)andlanguage
specificperception(whentheinfantmapstheacousticdimensionsofspeech
whileproducingacomplexnetworkthroughwhichlanguageisperceived).
Oncethisisformed,languagespecificfiltersmakeitmoredifficulttolearn
asecondlanguageasthemappingoftheprimarylanguageiscompletely
differentfromthemappingofasecondlanguage(Bosch,Costa,Sebastian
Galles,2000).
LANGUAGEINPUT(PARENTESE)ANDTHEBRAIN
Studiesshowthatcaretakerswhospeak'parentese'dohelpchildrenlearn
theparametersofthenativelanguage(Kuhl,2002).Parenteseisbabytalk,
or也eway也atachild-sparentsmightspeakover-emphasizingtheir
syllablesandwordsforthebabytounderstand.Additionally,ithasbeen
observedthatinfants,whilemappingtheirnativelanguage,willinitiallybe
abletorecognizeallsounds,butlaterlosetheirabilitytodoso,asthey
becomemoreselectivewi也也eir丘rst,nativelanguage.Forexample,Kuhl
(2002)hasbeendoneastudyoninfantsbetweentheageofsixtoeight
monthsoldfromtheU.S.andfromJapan,andagainwithinfantsbetween
theagesoftentotwelvemonthsold.Fromsixtoeightmonthsold,bothsets
ofbabiescandistinguishthesounds〟andm;attentotwelvemonthsold,
onlytheU.S.babiescan.TheJapanesebabieshavebecomemoreculture
boundandadult-likeandmoreselectiveto血eirnativelanguage(K血1,
2002).
SECONDLANGUAGEANDCRITICALPERIOD
Onceachildhasformedtheirneuralnetworksforlanguage,(most
researchersplacethisatabouttheageoftenorpuberty),itbecomesdifficult
tolearnanewlanguage,as血ebrainhas丘)rmeditsnativelanguagepatterns
(Chugani,1996).Therefore,theagesbetweenfourtotenyearsoldarethe
mostproductiveforlearninglanguages.Atthistime,adistinctionemerges
betweenimplicitknowledgeandexplicitknowledgeofthesecondlanguage.
Implicitreferstoasubconsciousandinternalizedsetofrulesthatpermitsa
speakertoassignagrammaticalstructuretostringsofwordsinamanner
comparablewithhowothernativespeakersassignstructurestothosestrings
(Paradis,2004).Thisoccursmthepensylviancortex,wheretheBroca's
Areaisfound,asitisinvolvedingrammaticalprocessing.Studies(Pinker,
1994)usingPositronEmissionTomography(PET)haveshownwhere
distinctelectricalactivityinthebramispickedupatthepointwhena
sentencebecomesungrammatical.Thisimpliesthatthegrammarsectionof
thebraincanimplicitlysensewhenthesentenceceasestomakegrammatical
sense.
Incontrast,whileimplicitknowledgeisavailablebyproceduralmemory,
whichiseffortlessandautomatic,explicitknowledgeisavailableonlyby
declarativememory:adultsecondlanguagelearnersmustrelyon
declarativememoryorexplicitknowledgetocompensateforwhatismissing
丘omproceduralmemory.Therebecomesaneedtoassigngrammatical
struct∬etoasentenceusingcognitive也inking(Paradis,2004).However,
withsecondand/orthirdlanguageacqiusitionanduse,thehumanbrain
undergoescorticaladaptationtoaccommodatethelanguageeitherby
recruitingexistingregionsusedforthenativelanguage,ormorelikely,
recruitingdistinctadjacentareasofthecortex(Goggins,etal.,2004).
Additionally,researchhasfoundaprominentgrowthinthelanguage
cortexitself,suggestingakeymaturationalphaseinbrainregionsthat
supportthelearningofnewlanguages(Dimond,etal.,1977).Thereisalso
evidencethatthestructureofthehumanbrainisalteredbytheexperienceof
acquiringasecondlanguage.Structuralneuroimagingstudiesshowit
structurallychangesinresponsetoenvironmentaldemands.Thesestudies
evensuggestthereismoregrey-matterdensityinthebramofabilingual
person(Mechelli,etal,2004).
PLASTICITYORTHEMALLEABLEBRAINANDAGE
Specializedfunctionsofspecificregionsofthebrainarenotfixedatbirth,
butshapedbyexperienceandlearning.Asapersonstudiesandlearnseven
inadulthood,thecorticalmapcanchange.Inonestudy(Sur,Pallas&Roe,
1990),researcherslearnedthatinputdeterminesthehnotionofspecific
areasofthebrain.Onestudy(OLeary&Stanfielf,1985)thatsupportsthis
wasearnedoutonanimals.Theresearcherstooktheneuronsinthevisual
cortexofrodentsandtransplantedthemtoregionsofthebrainthatare
normallylinkedtobodilyandsensoryfunctions.Thetransplantedtissuelost
itscapacitytoprocessvisualinformation,andinsteadtookonthefunctions
ofsomato-sensoryneurons;forexample,itmightassumetheroleofneurons
involvedwiththesenseoftouchingsomething,asopposedtoitsprevious
visualproperties.Thisindicatesthatthebramismalleableandableto
changeaccordingtotheinputitreceives.
Forsecondlanguagelearners,thereisdirectevidencethatwhenlearning
occursovertime,neuro-chemicalcommunicationbetweenneuronsis
facilitated,andlessinputisrequiredtoactivateestablishedconnections
(Genesee,2000).Forexample,exposuretounfamiliarspeechsoundsis
initiallyregisteredasundifferentiatedneuralactivity.Asexposure
continues,thebrainlearnstodifferentiatebetweenthesoundsthat
correspondtowords.Neuralconnectionsreflectthislearningprocessand
createcircuitsthatassociatethevisualimagewiththesoundoftheword.In
earlystagesoflearning,neuralcircuitsareoftenincompleteorweak.As
exposureisrepeated,lessinputisneededtoactivatetheentirenetwork.Withtim ,activ ionandrecogn tionarene rlyau omatic.Goldman-Rakic
(1996)observesthatwhilechildren'sbrainsacquireatremendousamountof
informationduringtheearlyyears,mostlearningtakesplaceaftersynaptic
formationstabilizes.Thisimpliesthatweeasilyacquireinformationwhen
weareyoung,butasadultswemustgaintheabilitytolearn(asopposedto
naturallyacquiringinformation)asoursynapticformationstabilizes.
LEARNINGINTHEBRAIN
Studentslearnandrememberwhattheyactivelyconstructmentally.Itis
importanttoconstructsentences,images,inferences,andmetaphorsinorder
tolearntheinformationandencodeitintolong-termmemory.Thisiscalled
a'generativeprocess'oflearning(Wittrock,1981).Thebrainoperatesbest
whenitisactive.Onlywhenstudentsareactivelyengagedinlearningand
notsimplypassiverecipientsof血eteacher'swordswill也eybemotivated,
andonlyactivelearningwilldeveloptheircognitivefunctions(Frostig&
Maslow,1979).Asonefamousphilosopherofeducation,AlfredNorth
Whitehead,hassaid,"Getyourknowledgequickly,andthenuseit.Ifyou
canuseit,youwillretainit"(Whitehead,1927:p.272).Whiteheadalso
warns,"Intrainingachildtoactivityofthought,aboveallthingswemust
bewareofwhatIwillcall'inertideas'-thatistosay,ideasthataremerely
receivedinto血emindwi血outbeingrealized,ortested,or血rowninto丘csh
combinations"(Whitehead,1927:p.262).Thereforeitisimportantfor
studentstoactivelyusewhattheylearntocreatetheneuronconnectionsthat
strengthentheusageoftheforeignlanguage,makingitmorenaturaland
fluid.
IMPLICATIONFORTEACHING
Foreignlanguagestudentsmustactivelytalktolearn.Forexample,Hart
(1979)hassaida"stoptalking"classislikelytobea"stoplearning"
environment.Thereasonfortalkingisthatasignificantportionofthebrain
isstructuredtowardsorallanguage,aswellaswritingandreading,andthat
thinkingaloudisnecessarytoexpandbraincapacity.Teachersthatdesign
classescenteredonactivelyusingthetargetlanguagewillmosthelpstudents
toimprovethoseparticularskills.
Overall,wehavelearnedthataperson'sLIiseasilyacquiredandmapped
outinthebrainevenifthatpersonisexposedtomultiplelanguagesasa
child,butaperson'sL2,particularlywhenlearnedlaterinlife,mustcreate
andexpandnewbrainnetworksfortheL2,andthepersonmustbeactively
usingthelanguagetomakethosesynapsesstronger.Productionoflanguage
iscriticaltoincreasingtheseneuralnetworksintheL2.Production"may
forcethelearnertomovefromsemanticprocessingtosyntacticprocessing"
(Swain,1985,p.249).Itissaidthat"processinglanguageonlyatthelevel
ofmeaningwillnotandcannotservethepurposeofunderstandingthe
syntaxofthelanguage,alevelofknowledge血atisessentialto血e
productionoflanguage.Insum,outputprovideslearnerstheopportunityto
producelanguageandgainfeedback"(Gass&Sehnker,2001,p.290).To
becomemostaccustomedtousinga丘jreignlanguageinvolves'-alearned
responsethathasbeenbuiltupthroughtheconsistentmappingofthesame
inputtothesamepatternofactivationovermanytrials(McLaughlin&
Heredia,1996,p.214).
CONCLUSION
Themainobjectiveofthisstudywastolookatcu汀entknowledgeof
researchintothebrainandlanguagetohelpusunderstandlanguage
acquisition.Understandinghowlanguageworksinthebraincanbetterhelp
usunderstandhowwecanlearnandretainlanguagesmoreeffectively.One
ofthemainpointstorememberforlearninglanguages,inreferencetothe
studiesoflanguageandbram,istheimportanceofactivelyusinglanguage
tobecomemore免miharandnaturalwithitsusage.Foradults,whomaynot
beabletoacquireasecondlanguageaseasilyaschildren,itiscriticaltobe
involvedinconversationtomapout也eneuronsin血ebrainso血atlanguage
ismoreeasilyretrieved.Additionally,theyshouldbeactivelyinvolvedin
outputsothattheyusethetargetlanguage.Thisprocessshouldmost
effectivelyassisttheminacquiringit.
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